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Modeling

Forrest J. Bowlick,
Intro GIS
Univ. of Mass –
Amherst, Fall 2018

Plan
•
•
•
•
•

Reminders!
Weather!
Interpolation!
Modeling!
Exclamation Points!

Remember, Simba
• Sign up for a poster printing slot (if you
want one on campus)
• Throw your digital hat in the ring to be a GIS
TA next Spring: tx.ag/S19TA
• Methods due Friday, 11/16 1155pm

Weather
• Storm’s a comin’
• How do you read a forecast?
– https://www.weather.gov/media/pah/WeatherEducation/pop.p
df
• https://www.weather.gov/
• https://www.wunderground.com/weather/us/ma/amherstcenter/KMAAMHER18?utm_source=HomeCard&utm_content=Bu
tton&cm_ven=HomeCardButton

Scale ‘Dependence’
• Scale dependence occurs in most spatial
phenomenon, where the ‘answer’ of an
analysis changes based on ‘scale’.
• The varying range or extent of an analysis or
consideration alters the ‘right’ answer.
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Scale Dependence Example
Range map of E. Gregalis

Red cells indicate presence of the
specie, and blue cells indicate no
presence.
The scale (or size of the analysis area)
greatly influences our understanding of
its distribution.
Map from: Allen H.
Hurlbert and Walter Jetz.
Species richness, hotspots,
and the scale dependence
of range maps in ecology
and conservation.
PNAS 2007 104 (33) 1338413389; published ahead of
print August 8, 2007,
doi:10.1073/pnas.0704469104
Photo, right by Trevor
Hadaker

Scale Dependence Example Two
• Perhaps counter
intuitively, a shoreline
does not have defined
length.
• Any shore measure
depends on the unit
used for
measurement.
Figure from Wikipedia: Various Users, CC

Spatial Autocorrelation
• The similarity between observations in a set.
• Related to Tobler’s First Law of Geography.
– “Everything is related to everything else, but
near things are more related than distant
things.”

Interpolating Surfaces
from Points

Interpolation: Why should you?
•
•
•
•
•
•

Rain gages
Temperature
Population
Groundwater level
Ocean pollutants
Crimes

• Unfortunately, very few things come in
continuous raster datasets!

Interpolation
• At its core, interpolation creates new data
from a range of a discrete set of known data.

Sample Data Points

Practice!
Linear Interpolation

10
Here?

Midpoint?

20
Here?

Practice!
Linear Interpolation

30

10
Here?

20
Here?

Four ways to interpolate
Natural Neighbor Triangulation
Inverse Distance Weighting
Splines
Kriging

Sample Data Points

Natural Neighbor Triangulation
• Any data point
can be
interpolated
based on a
triangle of 3
known points.
• Also known as
Delauney
Triangulation

Natural Neighbor Triangulation
• Note: The
raster output
is not square!
Why?

??

IDW: Inverse Distance Weighting
Greater local effect can produce ‘bullseyes’
p

W(d) = 1/d
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IDW Interpolation

Spline Interpolation
• Splines are smoothed curves fit through data
points
• Mathematically minimized curvature, but it
can predict values above maxima and below
minima

Spline Interpolation

??

Kriging Interpolation
• Combines distance weighting with knowledge of
spatial correlation
• Includes measure of error on the final estimate
• More powerful than the other interpolations, but
also requires more knowledge to implement well

Kriging Interpolation (Prediction)

Interpolation: Take home messages
• There are multiple ways to interpolate surfaces
between data points – each with its own
strengths and weaknesses
• Your choice of interpolation method will depend
on your data
• The best interpolation in the world can’t make
up for lack of data!!

Habitat Modeling
• While a GIS model refers to any
representation of geographic information as
data…
• Habitat modeling (or, more broadly, site
selection) attempts to quantify where
something is or should be.

The Power of Video!
• https://www.youtube.com/watch?v=L64kis8
V60o
• https://www.youtube.com/watch?v=0tAVjHpQN0
– For more:
https://www.youtube.com/watch?v=dSi4neQoTk
4

• Think about the spatial factors!

Habitat Modeling II

Nussear et al., 2009; USGS

How do we Know Habitat?

How do we Know Desert Tortoise
Habitat?
Field studies of desert
tortoise

Desert Tortoise Habitat
Model Includes:

• Annual grass cover
Evidence that
tortoises eat
annual grasses
based on field
studies

Desert Tortoise Habitat
Model Includes:

• Annual grass cover
• Soils must be sufficient strength
Necessary soil
bulk density for
tortoise burrows
based on field
studies

Applying Knowledge from:
Field Studies

Satellite NDVI (Proxy for Veg Greenness)

Soil Bulk Density from STATSGO

How do we
Know? I
Observations
of desert
tortoise
occurrence

How do we
Know? II
Observations
of desert
tortoise
occurrence

Spatial Data

Slope

Elevation

Tortoise Habitat Model

Nussear et al., 2009; USGS

Quick Recap I
Two options with habitat modeling
Option 1:
• Define “suitability” based on prior
knowledge or expert opinion
If you choose this option, you must
provide justification for your choices!

Tx.ag/GIS10

Binary isn’t Always Best

http://www.innovativegis.com/basis/mapanalysis/Topic23/Topic23.pdf

Quick Recap II
Two options with habitat modeling
Option 1:
• Define “suitability” based on prior knowledge or
expert opinion
Option 2:
• Define suitable habitat based on spatial
relationships

How do we Know? II
Observations
of desert
tortoise
occurrence

Spatial Approach to Defining Habitat:
Envelope Models

Spatial Approach to Defining Habitat:
Envelope Models
• Unknown physiological
limitations of the target species
• Distribution data exist

Bioclimatic Envelope Models
• Only considers climatic constraints on species
United States

Example Climate Variable
(Avg ppt)

Bioclimatic Envelope Models

Where does Data Originate?

Where does Data Originate?

Where does Data Originate?

Bioclimatic Envelope Models

Bioclimatic Envelope Models

Bioclimatic Envelope Models
Suitable Climate

How do we do this in GIS?

Bioclimatic Envelope Models Part 2

Bioclimatic Envelope Models Part 2
Suitable Climate

Bioclimatic Envelope Models Part 2
Suitable Climate
??

??

Bioclimatic Envelope Models
In Summary

• There tends to be some correlation between
climate variables along species distributions
– e.g., Plants will wilt under hot temperature
unless there is sufficient summer precipitation
(results in relationship between temperature and
precipitation)

Take Home Points
• Habitat modeling is designed to help us
better understand and predict species
distribution
• Models can be built on ancillary/expert
knowledge, educated guesses, or spatial
relationships (or a combination of all three)

